Introduction
Antiferroelectric materials were very interesting because of their fast electrooptical response. Three new antiferroelectric pure liquid crystals were synthetized at MUT. The main difference between these materials is a position of Fluorine atoms in a rigid core of molecules (Fig. 1) .
Dielectric spectroscopy, which is a fruitful experimental technique for liquid crystal investigations [1] , was used to examine the influence of the Fluorine atom position on phase relaxation behaviour. Clear relaxation modes were detected, i.e., the Soft, Goldstone, low frequency in-phase (P L ) as well as high frequency anti-phase (P H ) modes for paraelectric Sm A* phase, ferroelectric Sm C* phase and antiferroelectric Sm C A * phase, respectively [2, 3] . A high relexation mode in Sm C A * was find additionally [4] . The relaxation frequencies f R , were calculated from the Cole-Cole diagrams.
A position of the Fluorine atom changes dielectric properties of the investigated liquid crystals.
Experimental procedures
The cells with golden electrodes of planar orientation, specially prepared at our Laboratory, were used for measurements. Such cells with ITO electrodes show, for the frequency ranges typical for the Soft, P L -and P H -modes, their own relaxation (for the frequencies higher that 100 kHz) and for this reason they are useless for the higher frequency dielectric spectroscopy. The cell gaps were 5 µm and 20 µm. AC measuring field was low (0.1 V) to avoid nonlinear dielectric response. DC bias field of 1 V/µm was used to suppress the Goldstone-mode. For dielectric measurements, HP4192A impedance analyzer was applied. Samples were slowly cooled from isotropic phase, with 0.1°C/min rate. For this purpose, Linkam TMHSE 600 controller and Linkam TMS 92 hot stage were used.
Experimental results
In Fig. 2-4 , the real parts of dielectric permittivity for all investigated liquid crystals are presented. One can see that different substitutions do not change much the phase structure as well as the temperatures of phase transitions.
For all substances, the relaxation frequencies were calculated from the Cole-Cole plots. The results are presented below in Figs. 5-7. Typical Soft, Goldstone, P H and P L relaxation modes were detected. Additionally, a high frequency mode in an antiferroelectric phase for A and B substances, called X-mode, was observed. Because this mode is well noticeable in LC A, more detailed investigations were performed for this substance. The results are presented in Figs. 8-13.
Close to Sm C*-Sm A* phase transition temperature (Figs. 8 and 9 ), the Soft-mode is detected. When the temperature is decreasing, the relaxation frequency goes down (from 1 MHz to 200 kHz). In Fig. 8 , the Goldstone-mode is presented while in Goldstone-mode is suppressed. The relaxation frequency of the Goldstone-mode is constant (around 1-2 kHz).
Close to Sm C*-Sm C A * phase transition temperature three modes are detected (Figs. 10, 11 ). The Goldstonemode (in Sm C* phase) changes into the P L -mode (in Sm C A *-phase). The P L -mode relaxation frequency slowly decreases with a temperature in Sm C A *-phase, while a frequency of the Goldstone-mode in Sm C* is constant. Additionally, the high frequency mode P H is detected in the antiferroelectric phase with the frequency range around a few hundred kHz. When the bias voltage is on, the Goldstone-mode is suppressed while P L and P H have still the same magnitudes as before when a DC field was applied. The P L -mode has got the lower magnitude than the P H -mode.
Situation in the antiferroelectric Sm C A * phase is presented in Figs. 12 and 13. When the temperature is decreasing, a new mode (X-mode) with the high frequency is detected. With lowering temperature, a frequency of the P H -mode decreases as it is for the X-mode. The relaxation frequency of the X-mode is about 100 times higher than the relaxation frequency of the P H -mode. It means that the process related to this relaxation is 100 times faster than the process connected with the P H relaxation.
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Conclusions
For the investigated LC, four well known relaxations were detected, i.e., Soft, Goldstone, P H and P L modes. New relaxation was observed with the extremely fast switching. The question arises, is the X-mode related to the collective motions or to the molecular non-collective mode? There are two evidences, showing that this mode is a collective one:
• amplitudes of the X-mode and P H -mode are similar.
The molecular mode should have smaller magnitude than a collective one,
• X-mode relaxation frequency decreases with decreasing temperature. The molecular mode should be temperature independent. A bias voltage neither changes the amplitude nor the relaxation frequency of the X-mode, as it is for the P H -mode.
The source of this relaxation is not still clear. If it was the collective mode it could be applied in electrooptic switching and it could be the fastest known electrooptical effect in smectics with the relaxation time about 1 µs.
